INTRODUCTION
Recurrent disc herniation, which has been reported in 5-15% of patients after disc excision, represents a major cause of surgical failure after open lumbar microdiscectomy (OLM) 4, 5, [23] [24] [25] . In the literature, there are several conditions that have been termed "recurrent disc herniation" , including ipsilateral reherniation at the same level, contralateral reherniation at the same level, or a new herniation occurring at a different level 7, 9, 11, 13, 19, 20, 26, 29) . Given that scar tissue could affect the surgical results in cases of reoperation, the strict definition of recurrent disc herniation has been considered as being a disc reherniation occurring at the same level and the same side as a previously operated lumbar disc, with a pain-free interval after the primary discectomy of greater than 3 weeks to 6 months 3, 4, 25) . Unlike the case for ipsilateral reherniations, scar tissue that might hinder reoperation is not present in contralateral reherniations. However, the risk of further damage to vertebral motion segment during revision discectomy has generally been considered higher for contralateral reherniations than for ipsilateral reherniations 3) . Most of previous studies regarding reherniation after OLM have focused on ipsilateral reherniations, and only a few authors have stated concerns on contralateral reherniations 3, 8, 27) . Until now, there has been no study that compared contralateral reherniations with ipsilateral ones, after successful primary discectomy. The aims of this study were to evaluate the clinical and radiological factors that might Objective : To evaluate the risk factors that may be responsible for the development of contralateral reherniations from ipsilateral ones after open lumbar microdiscectomy (OLM), and to compare surgical outcomes of revision OLM for contralateral reherniations with those for ipsilateral ones. Methods : Seventeen patients who underwent revision OLM for contralateral reherniation were enrolled into Group I, and 35 patients who underwent revision OLM for ipsilateral reherniation were enrolled into Group II. Using medical charts and imaging study results, the differences in the clinical and radiological factors were evaluated between the two groups. Clinical outcomes of each group were compared between the two groups. Results : Significant differences were found in the interval to reherniation from initial surgery (33 months for Group I and 18.6 months for Group II, p=0.009), as well as in the incidences of both protruded disc (35.3% for Group I and 8.6% for Group II, p=0.045) and mild disc degeneration (29.4% for Group I and 5.7% for Group II, p=0.031) at initial surgery. On binary multi-logistic regression analysis, significant differences were found in the interval to reherniation (p=0.027, Odds ratio=1.051) and incidence of mild disc degeneration (p=0.025, Odds ratio=12.03) between the two groups. There were no significant differences in the improvement of clinical outcomes after revision OLM between the two groups.
Conclusion :
The interval to reherniation from initial surgery and the grade of disc degeneration at initial surgery were key factors that distinguished the development of contralateral reherniations from ipsilateral ones. Surgical outcomes of revision OLM were similar in both groups.
distinguish development of contralateral reherniations from ipsilateral ones after successful OLM, and to evaluate clinical outcomes of revision OLM for contralateral reherniations compared to those for ipsilateral ones.
MATERIALS AND METHODS

Study design
From January 2002 to December 2004, a series of 3,352 patients underwent OLM for a lumbar disc herniation at our hospital. Among them, 52 patients underwent revision OLM due to reherniation at the same level as the primary OLM during follow-up. Clinical and radiological data of these 52 patients were retrospectively reviewed at November 2007. All operations had followed a standard pattern proposed by the senior author. Seventeen patients who underwent revision OLM for contralateral reherniation were entered into Group I, and 35 patients who underwent revision OLM for ipsilateral reherniation were entered into Group II. Inclusion criteria were as follows : (1) a previous episode of OLM resulting from lumbar disc herniation, (2) recurrent radicular pain resulting after a pain-free interval longer than 4 weeks, (3) recurrent disc herniation at the same level, regardless of side, verified by radiological studies, (i.e., the presence of abnormal epidural tissue that did not enhance after contrast injection, as well as epidural fibrosis showing enhancement with gadolinium on T1 weighted magnetic resonance imaging (MRI)), and (4) failure of extensive conservative treatment for more than 6 weeks. Excluded were (1) a disc herniation occurring at a new level with respect to the primary discectomy, (2) recurrent radicular symptoms associated with segmental instability, lateral recess stenosis, foraminal stenosis, epidural fibrosis, and/or adhesive arachnoiditis, (3) a clinical history of previous spinal surgery before primary discectomy, and (4) a clinical history of the primary discectomy having been performed at other hospitals.
Risk factor evaluation
Using preoperative clinical charts and radiological examinations, clinical and radiological factors differentiating the development of contralateral reherniations from that of ipsilateral ones were evaluated for each group, and then compared between the two groups.
The demographic and clinical parameters evaluated were as follows : age, gender, body mass index, diabetes, smoking, and traumatic event at initial OLM. Time interval to reherniation from initial surgery was also evaluated. The radiological parameters included spinal level of disc herniation, extent of disc herniation, disc height ratio, presence of Modic change, and grade of disc degeneration at initial OLM. All radiological parameters were evaluated using preoperative MRI taken just before initial OLM. The disc-height ratio was measured on the T2-weighted midsagittal MRI according to Mochida's method (Fig. 1) 14, 16) . Based on the method of Masaryk et al. 15) and Modic et al. 17) , the extent of disc herniation was evaluated and classified as protrusion, extrusion or sequestration. A disc was considered protruded if the greatest plane, in any direction between the edges of the disc material beyond the disc, was less than the distance between the edges of the base when measured in same plane. A disc was considered extruded if, in at least in one plane, any one distance between the edges of the disc material beyond the disc space was greater than the distance between edges of the base measured in the same plane. A sequestrated disc was one in which the disc material was clearly separate from the originating disc 6) . Disc degeneration was divided into five grades based on findings on the MRI, as derived from the previous work of Pfirrmann et al. (Table 1) 21) .
Clinical outcome evaluation
For each group, before and after revision OLM, pain was measured by the 10-point Visual Analogue Scale (VAS) scoring (0-10), function was assessed by the Oswestry Disability Index (ODI) scoring (0-100) 10) and postoperative satisfaction was evaluated using a patient's subjective satisfaction rate (0-100%) 22) . Clinical success was defined as : ≥2 point improvement in VAS scores, ≥25% improvement in ODI score, ≥50% patient's subjective satisfaction rate and no major complication related to the surgery 22) . Complications were categorized using the classification scheme described by Carreon et al. 2) , dividing them into major and minor complications. Major complications were those that had a negative effect on a patient's recovery, whereas minor complications were those that had not affected recovery significantly. Pre-and postoperative data were assessed using clinical charts and operative reports. All patients visited the outpatient department in June 2007 and a trained nurse collected follow-up clinical data.
Statistical analysis
Statistical analysis was done using Chi-square tests, Fisher's exact test, independent T test, and Mann-Whitney U test. The Odds ratio for significant variables was calculated by binary multi-logistic regression analysis. A p value of less than 0.05 was considered significant. The SAS (version 8.1) program was used for all statistical analysis.
RESULTS
Risk factors for contralateral reherniation
The mean age of patients at initial surgery was 49.7 years (range, 17-73 years) in Group I, and 47.0 years (range, 23-77 years) in Group II, which was not significantly different between the two groups (p=0.52). Group I consisted of 13 men and 4 women, and Group II of 25 men and 10 women. The male to female ratio was not significantly different between the two groups (p=1.0). The mean body mass index at initial surgery was 24.9 kg/m 2 (range, 20. 
009).
Contralateral reherniation showed a trend toward a higher incidence at L4-5 spinal level (70.6%) compared with ipsilateral ones (42.9%), although this was not statistically significant (p=0.06). Considering extent of herniated disc at initial surgery, the incidence of protrusion was significantly higher in Group I (35.3%) than Group II (8.6%) (p=0.045). The mean disc height ratio at initial surgery was not significantly different between the two groups (Group I : 0.5 (range, 0.31-0.65) vs. Group II : 0.5 (range, 0.27-0.76), p=0.94). The incidence of Modic change at initial surgery was not significantly different Table 2) . On binary multi-logistic regression analysis, time interval to reherniation (p=0.027, Odds ratio=1.051 (95% confidence interval : 1.006-1.099)) and mild disc degeneration at initial surgery (p=0.025, Odds ratio=12.03 (95% confidence interval : 1.363-106.230)) were significant factors differentiating the development of contralateral reherniations from ipsilateral ones ( Table 3) .
Clinical outcomes
For Group I, mean operating time was 84.7 minutes (range, 45-155 minutes), and mean estimated blood loss was 187.1 mL (range, 90-400 mL) during revision OLM. Mean hospital stay after revision OLM was 5.1 day (range, 3-9 days). Complications occurred in two patients (11.8%). Unintended durotomy happened in two patients during revision OLM, which was treated by primary suture. For Group II, mean operating time was 85.7 minutes (range, 30-165 minutes), and mean estimated blood loss was 224.6 mL (range, 100-700 mL) during revision OLM. Mean hospital stay after revision OLM was 6.0 days (range, 1-17 days). Complications occurred in eight patients (22.9%). Unintended durotomy was occurred in seven patients during revision OLM, which was treated by primary suture. Major complication occurred in one patient, which was foot drop due to nerve root injury during revision OLM and this was not recovered at the final followup. There was no significant difference in mean operating time, mean blood loss, mean hospital stay or complication rate between the two groups (p=0.82, p=0.18, p=0.93, and p=0.47, respectively).
For Group I, mean follow-up duration after revision OLM was 42.2 months (range, 4-75 months). The mean preoperative VAS score for back pain was 6.9 (range 1-10) and improved after surgery to 3.0 (range 1-6) (p＜0.001). The mean preoperative VAS score for leg pain was 8.1 (range, 4-10) and improved after surgery to 3.1 (range, 0-7) (p＜0.001). The mean preoperative ODI score was 56.3% (range, 22-98%) and improved after surgery to 24.3% (range, 8-64%) (p＜ 0.001). The mean subjective satisfaction rate at the last follow-up evaluation was 65% (range 20-100%). Clinical success was seen in 12 of 17 patients (70.6%). For Group II, mean follow-up duration after revision OLM was 33.6 months (range, 4-68 months). The mean preoperative VAS score for back pain was 8.3 (range, 0-8) and improved after surgery to 4.0 (range, 0-8) (p＜0.001). The mean preoperative VAS score for leg pain was 7.7 (range, 4-10) and improved after surgery to 3.9 (range, 0-7) (p＜0.001). The mean preoperative ODI score was 46.0% (range, 22-88%) and improved after surgery to 28.0% (range 0-78%) (p＜ 0.001). The mean subjective satisfaction rate at the last follow-up evaluation was 59.2% (range, 0-100%). Clinical success was seen in 21 of 35 patients (60%). There was no significant difference of mean follow-up time between the two groups (p=0.13). There was no significant difference in the preoperative VAS scores for back pain, leg pain, and ODI scores between the two groups (p=0.26, p=0.26, and p=0.12, respectively). There was no significant difference in the postoperative VAS scores for back pain, leg pain, ODI scores, satisfaction rate, and clinical success rate between the two groups (p=0.09, p=0. 16, p=0 .59, p=0.52, and p=0.46, respectively) ( Table 4) . 
DISCUSSION
Although there have been many studies on ipsilateral reherniation, the literature on the contralateral reherniation after OLM is sparse 3, 18) . The incidence of contralateral reherniation has been reported to be lower than that of ipsilateral reherniation. O'Sullivan et al. 18) reported that, of 76 patients who needed reoperation after disc excision, 21% had contralateral reherniation and 44% had ipsilateral reherniation. Cinotti et al. 3) reported that, of 50 patients with recurrent disc herniation operated on during 6.6 years, 34% had contralateral reherniation and 56% had ipsilateral reherniation. The results of the present study correspond well with previous studies; of 52 patients who underwent revision OLM due to reherniation at the same level as primary OLM, 17 patients (32.7%) had contralateral reherniation and 35 patients (67.3%) had ipsilateral reherniation.
Suggested risk factors for reherniation after OLM are all associated with ipsilateral reherniation. Young age, male gender, smoking, and traumatic event were suggested as clinical factors linked with ipsilateral reherniation, though this idea is still controversial 25, 26) . Considering radiological risk factors for ipsilateral reherniation, Yorimitsu et al. 29) reported that preserved disc height at initial surgery was correlated with ipsilateral reherniation. Cinotti et al. 4) reported that severe disc degeneration was related with ipsilateral reherniation. In contrast, Dora et al. 6) reported that minor disc degeneration was a risk factor for ipsilateral reherniation. Carragee et al. 1) found that an extruded fragment with massive posterior annular loss had the highest prevalence of ipsilateral reherniation. Until now, the relationship between risk factors and the development of contralateral reherniation after OLM has not been investigated.
The pathogenic mechanism of contralateral reherniation has been considered as being different from that of ipsilateral reherniation. Jacchia et al. 12) hypothesized that incomplete removal of the disc on the contralateral side during primary discectomy might cause protrusion through the external annulus on the contralateral side, which was damaged during primary discectomy. Cinotti et al. 3) showed controversial results; of 16 patients with contralateral reherniation, annulotomy was extended on central posterior annulus only in three patients during primary discectomy, whereas limited annulotomy was performed on 13 patients during primary discectomy. According to the results of the present study, the interval to reherniation from initial surgery and the grade of disc degeneration at initial surgery were key factors distinguishing the development of contralateral reherniations from ipsilateral ones. Patients with contralateral reherniation showed significantly longer mean time-interval to reherniation compared with patients with ipsilateral reherniation (33 vs. 18.6 month). The risk for the development of contralateral reherniation increased 5.1 percent per month after initial OLM, when compared with ipsilateral reherniation (p=0.027, Odds ratio=1.051 (95% confidence interval : 1.006-1.099)). Annulus on the contralateral side, which was healthier and stronger than annulus on the ipsilateral side at the time of primary OLM, might weaken as time progresses, which could result in later occurrence of contralateral reherniation than ipsilateral reherniation. Another risk factor differentiating development of contralateral reherniation from ipsilateral reherniation would be mild disc degeneration at initial OLM. Patients with mild disc degeneration (grade I-III by the classification of Pfirrmann et al.) at initial OLM has a 12.03 fold increased risk for the development of contralateral reherniation, compared with ipsilateral reherniation (p=0.025, Odds ratio=12.03 (95% confidence interval : 1.363-106.230)), although the pathogenic mechanism still remains to be clarified. Therefore, to prevent contralateral reherniation, more vigorous removal of disc in the contralateral side is recommended during primary discectomy, especially for patients with mild disc degeneration. Unlike to this, the amount of removed disc in the ipsilateral side seems important to prevent ipsilateral reherniation because of significantly shorter time-interval to reherniation after primary discectomy compared with contralateral reherniation. Further prospective study measuring the amount of removed disc during primary discectomy might reveal the relationship between amount of removed disc and incidence of ipsilateral reherniation.
One of the concerns about revision OLM for ipsilateral reherniation is the increased risk of surgical complications due to scar tissue. Unlike ipsilateral reherniation, the risk of surgical complications has generally been considered low in contralateral reherniation owing to lack of scar tissue formation. In the present study, the surgical complication rate of contralateral reherniation was lower than that of ipsilateral reherniation, as expected. Major complication (foot drop) occurred in one patient in the ipsilateral reherniation group. However, the difference in complication rate was not statistically significant between the two groups (11.8% for Group I vs. 22.9% for Group II, p=0.47).
For ipsilateral reherniation, revision open discectomy is the most commonly performed surgical treatment, while spinal fusion is generally preserved for ipsilateral reherniation with instability 25, 26, 28) . On the other hand, spinal fusion has been considered necessary for contralateral reherniation because of the possibility of unsatisfactory results, which might result from additional damage of vertebral motion segment during revision surgery 3) . To the best of our knowledge, there has been only one study specifically focusing on the surgical outcomes of contralateral reherniation. Cinotti et al.
3) compared 16 patients with contralateral reherniation, who underwent revision discectomy, to 50 patients who underwent open discectomy and showed no recurrent pain. Clinical results of reoperation for contralateral reherniation were favorable and comparable to those of primary discectomy; thus, they concluded that fusion was not necessary for contralateral reherniation. In the present study, the clinical outcomes of revision OLM for contralateral reherniation were compared with those for ipsilateral reherniation. Back pain, leg pain, and functional status were significantly improved after revision OLM in both groups, and the levels of improvement were comparable between the two groups.
Based on the results of the present study, revision OLM seems to be a good treatment option for patients with reherniation after primary discectomy, regardless of the side of reherniation. However, mean satisfaction rates and clinical success rates were relatively low in both groups, which still suggest the necessity of spinal fusion for patients showing poor clinical outcomes. Future studies concerning risk factors for poor clinical outcomes after revision OLM might elucidate more effective surgical strategies treating reherniations.
To our knowledge, this is the first study to evaluate the risk factors differentiating development of contralateral reherniation from that of ipsilateral reherniation. It is also the first to compare surgical outcomes of revision OLM for contralateral reherniation with those for ipsilateral reherniation. However, the retrospective study design and relatively small number of patients included should be considered when interpreting the results of the present study.
CONCLUSIONS
The interval to reherniation from initial surgery and the grade of degeneration at initial surgery were key factors that distinguished the development of contralateral reherniations from ipsilateral ones. To prevent contralateral reherniation, more vigorous removal of disc in the contralateral side is recommended during primary discectomy, especially for patients with mild disc degeneration. Though revision OLM seems to be a good treatment option for patients with reherniation after primary discectomy, regardless of the side of reherniation, relatively low clinical success rates still suggest the necessity of spinal fusion for patients showing poor clinical outcomes. �Acknowledgements This study was supported by a grant from the Wooridul Spine Foundation.
